Treponema pallidum (Nichols) was extracted from infected rabbit tissue, and cell lysates were prepared for monitoring thymidine kinase and deoxyribonucleic acid polymerase activities. No thymidine kinase could be demonstrated in prep The inability to grow Treponemapallidum in culture remains a major experimental limitation. While we and others were attempting to develop appropriate techniques for T. pallidum cultivation in vitro, we were also paralleling these efforts with studies to clarify anabolic and catabolic activities of virulent treponemes. We have shown that T. pallidum selectively oxidizes specific substrates to C02 and identifiable end products (12) , that it readily synthesizes a range of proteins (2, 3) and ribonucleic acid macromolecules (13), and that these activities are dependent upon several environmental variables including 02 (4). Other investigators have described specific metabolic pathways (13) and a functioning electron transport system (10) coupled to oxidative phosphorylation (11). Deoxyribonucleic acid (DNA) synthesis, an important determinant of T. pallidum growth potential, has not been previously detected. The lack of this indicator as direct support for possible increases in treponemal cell numbers or improved culture conditions has been a considerable technical deficiency (1). In this paper, we examine thymidine kinase and DNA polymerase activities in T. pallidum extracts and describe methodology for measuring DNA synthesis in the intact microorganism.
The inability to grow Treponemapallidum in culture remains a major experimental limitation. While we and others were attempting to develop appropriate techniques for T. pallidum cultivation in vitro, we were also paralleling these efforts with studies to clarify anabolic and catabolic activities of virulent treponemes. We have shown that T. pallidum selectively oxidizes specific substrates to C02 and identifiable end products (12) , that it readily synthesizes a range of proteins (2, 3) and ribonucleic acid macromolecules (13) , and that these activities are dependent upon several environmental variables including 02 (4). Other investigators have described specific metabolic pathways (13) and a functioning electron transport system (10) coupled to oxidative phosphorylation (11) . Deoxyribonucleic acid (DNA) synthesis, an important determinant of T. pallidum growth potential, has not been previously detected. The lack of this indicator as direct support for possible increases in treponemal cell numbers or improved culture conditions has been a considerable technical deficiency (1) . In this paper, we examine thymidine kinase and DNA polymerase activities in T. pallidum extracts and describe methodology for measuring DNA synthesis in the intact microorganism.
MATERIALS AND METHODS Bacteria. Virulent T. pallidum (Nichols) was grown intratesticularly in New Zealand white rabbits as previously described (8) . Infected animals were treated 3 days postinfection with cortisone acetate (25 mg intramuscularly), and injections were continued daily for approximately 6 to 9 days, at which time maximal orchitis occurred. Rabbits were sacrificed, and testes were removed aseptically, minced, and shaken in an air atmosphere in 10 ml of modified Dulbecco minimal essential medium (MEM) containing 10% fetal calf serum (8) . Tissue was reextracted twice more, and the combined extractions containing treponemes were centrifuged twice at 500 x g for 5 min to sediment the majority of tissue debris and contaminating animal cells. The supernatant was further clarified by centrifugation at 650 X g for 20 min over a Methocel-Hypaque gradient (5). Nontreponemal components banded at the gradient interphase or were dispersed throughout the lower part of the gradient. The supernatant which contained only treponemes and soluble tissue products was used as the source of T. pallidum. Although these preparations were essentially devoid of tissue cells as determined microscopically, animal cell controls (low-speed tissue pellet resuspended in high-speed supernatant as previously described [12] 10 pl of RNase A (5 mg/ml stock, heattreated for 20 min at 80°C to inactivate contaminating DNase) was added for 60 min at 37°C. This sample was then trichloroacetic acid-precipitated and processed as described for sample 1. In this case, loss of radioactivity represented RNase-sensitive macromolecules, and counts retained were potential radioactive DNA. The third sample was processed identically to the second through the RNase step. Then cold 95% ethanol was added to twice the volume, and the sample was stored overnight at 4°C. This step allowed the precipitation ofremaining macromolecules which were then pelleted at 12,000 x g for 10 min at 4°C to free the material from sodium dodecyl sulfate-containing supernatant which would interfere with DNase activity. Ethanol was decanted, and the pellet was dried and dissolved in 200 p1 of phosphate-buffered saline containing 0.002 M calcium chloride and 0.002 M magnesium sulfate (pH 7.8). These manipulations did not result in significant losses of radioactivity when compared to the RNase-resistant counts in the second sample. Then 10 p1 of DNase I (10 mg/ml stock) was introduced, and incubation was continued for 2 h at 370C. This sample was then precipitated with cold trichloroacetic acid, collected on filters, dried, and counted. Decreased radioactivity would represent VOL. 23, 1979 on September 27, 2017 by guest http://iai.asm.org/
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DNase-sensitive macromolecules.
(ii) Isolation of radioactive DNA by CsCl gradients. Treponemal cultures were incubated with [3H]uridine or [3H]thymidine for 48 h. Treponemes were centrifuged and washed as described in the first procedure, except that pellets were suspended in 200 pd of buffer and then transferred to polyallomer centrifuge tubes. Each sample then received 12 Ml of 10% sodium dodecyl sulfate and 10 pl of proteinase K (1 mg/ml stock). The latter enzyme addition was necessary to obtain consistent results (13) . Samples were then incubated for 15 
RESULTS
Absence of thymidine kinase activity in treponemes. We had attempted unsuccessfully to measure the uptake of radioactive thymidine by T. pallidum under a variety of experimental conditions. Because no significant increases in treponemal cell densities could be observed during these studies, the inability to measure accumulation of radioactive thymidine into macromolecules was not surprising. However, our observation that growing cultures of the Reiter treponeme did not incorporate [3H]thymidine into macromolecules suggested potential enzyme deficiencies among the treponemes and prompted a search for thymidine kinase activity. E. coli lysates readily phosphorylate thymidine, which results in its adsorption to DEAE-cellulose disks due to increased negative charge (Fig.  1) synthesize DNA independent of the host environment. The absence of thymidine kinase activity in treponemal preparations reinforced the need to establish an alternative assay for measuring T. pallidum competence regarding DNA synthesis. We initially employed a standard DNA polymerase assay containing unlabeled carrier TTP. Under these conditions, significant polymerase activity was observed in E. coli and Reiter preparations but not with T. pallidum (Table 1) . However, by omitting unlabeled thymidine triphosphate from the basic reaction mixture, measurable levels of polymerase activity could be observed in T. pallidum (Table 1) . Also, under these conditions, polymerase activity was directly related to the amount of bacterial lysate added as well as to the presence of ATP (data not shown). It is apparent from these results that a considerable range in the specific activity (in counts per minute per microgram of lysate protein) of DNA polymerase exists in the three bacterial samples. To further clarify variations in polymerase activity among other bacterial genera and lend support to the credibility of the low values for T. pallidum, other bacteria were screened ( The kinetics of DNA synthesis in cultures of T. pallidum was also monitored. Radioactive uridine was added to treponemes for 6, 24, and 48 h, and radioactivity was processed by enzyme digestion as in Table 3 . Incorporation of [3H]-uridine into DNA by T. pallidum continued for 24 h, after which no further increases were observed (Fig. 2) . RNA synthesis also ceases after 24 h under these experimental conditions (13) .
Isolation of radioactive DNA from [IH]-uridine-labeled treponemes. To obtain further proof that T. pallidum was capable of synthesizing DNA during in vitro incubation, treponemal samples were prepared as outlined in Materials and Methods and examined on cesium chloride gradients. Ethidium bromide-positive bands formed in all preparations at densities of 1.70 g/cm2 for T. pallidum and 1.68 g/cm2 for T. phagedenis. However, only in those treponemal cultures previously incubated at 340C with
[3H]uridine was radiolabeled DNA recovered (Fig. 3) . No radioactivity was detected in bands synthesis and growth. Data on thymidine kinase activity in treponemal lysates indicated that the enzyme was either lacking, inactivated, or at a very low concentration. The absence of thymidine kinase in Treponema should not be viewed as novel or biologically restraining. Other groups of microorganisms also lack thymidine kinase, including Neisseria (9) and some fungi (7) . How this property might have evolved to provide a selective advantage or to influence pathogenicity is unclear.
Detection of measurable amounts of DNA polymerase activity and utilization of [3H]uridine for DNA synthesis based upon DNase sensitivity and CsCl banding reinforce the metabolic competence of T. pallidum. Although the low level of DNA polymerase activity in T. pallidum extracts was initially viewed as restrictive in terms of growth potential, comparisons with other bacterial species indicated that this enzyme level might be consistent with the estimated generation time of T. pallidum. It is interesting that such a correlation may exist between growth rate and DNA polymerase activity among procaryotes under the experimental conditions described here.
The DNA assays employed in this study are readily applicable to current and proposed investigations monitoring in vitro growth of T. pallidum. Increases in radiolabeled DNA occurred during the first 24 h after removal from infected tissue, possibly reflecting new or prior in vivo committal to DNA synthesis (Fig. 2) . After that period, DNA synthesis apparently ceased in motile treponemes, suggesting inherent metabolic deficiencies and/or suboptimal culture conditions. Certainly, actively growing cultures of T. pallidum should synthesize DNA at appropriate intervals before cell division, a criterion which should be used now that DNA assays are available. The unreliability and inadequacy of cell density determinations and other currently employed techniques for monitoring potential increases in T. pallidum numbers have been discussed (1) .
It appears that T. pallidum, once extracted from infected tissues, is anabolically competent and capable of growth. Although the appropriate sequence and combination ofbiological variables to elicit this response remain elusive, identification of the DNA-synthetic capabilities in T. 
